An apparently novel neurological disease clinically characterized by shaking, tremors, seizures, staggering gait, and ataxia was first observed in farmed mink kits in Denmark in 2000 and subsequently in Sweden, Denmark, and Finland in 2001, and again in Denmark in 2002. Lymphoplasmacytic encephalomyelitis was found in the affected kits. The lesions were most severe in the brainstem and cerebellum and consisted of neuronal degeneration and necrosis, neuronophagia, focal and diffuse gliosis, perivascular cuffs formed by lymphocytes, plasma cells and macrophages, and segmental loss of Purkinje cells. Testing was conducted to determine the cause of the disease, including general virological investigations (virus culture, negative-staining electron microscopy, immunoelectron microscopy, polymerase chain reaction for herpesviruses, adenoviruses, pestiviruses, and coronaviruses), tests for specific viral diseases (canine distemper, Borna disease, Louping ill, West Nile virus infection, tick-borne encephalitis, Aleutian disease), tests for protozoa (Toxoplasma gondii, Neospora caninum, Encephalitozoon cuniculi), bacteria (general culture, listeria, Clamydophila psittaci), and intracerebral inoculation of neonatal mice. The results of all these investigations were negative. One group of 3 mink kits inoculated intracerebrally with brain homogenate of affected mink developed clinical signs and histological lesions similar to those observed in naturally infected mink. Based on the histopathological features, it is postulated that the disease is caused by a yet unidentified virus.
Known causes of encephalitis in mink include infection with canine distemper virus (CDV), 24 Aleutian disease parvovirus, 10 Sarcocystis neurona, 9 and Toxoplasma gondii. 14 Encephalitis in mink has also been observed in connection with outbreaks of Newcastle Disease (ND) in poultry. 17 Lymphoplasmacytic meningoencephalomyelitis of unknown cause in farmed mink in the United States was reported in 1985. 25 The etiology could not be determined, but the authors considered the disease to be unrelated to other known causes of central nervous system (CNS) disease in mink. Outbreaks of CNS disorder were observed in farmed mink kits in Denmark for the first time in 2000, and subsequently in Denmark, Sweden, and Finland in 2001, and again in Denmark in 2002. The condition From the National Veterinary Institute (SVA), Uppsala, Sweden (Gavier-Widén, Bröjer, Englund, Hård av Segerstad, Nilsson, Thorén, Uhlhorn, C gren, Klingeborn), Danish National Veterinary Institute, Copenhagen, Denmark (Dietz, Hammer) , Swedish Institute for Infectious Disease Control, Stockholm, Sweden (Hedlund), University of Veterinary Medicine, Vienna, Austria (Nowotny, Weissenböck), Faculty of Medicine and Health Sciences, United Arab Emirates University, Al Ain, United Arab Emirates (Nowotny), and the National Veterinary and Food Research Institute, Helsinki, Finland (Puurula). 1 Corresponding Author: Dolores Gavier-Widén, National Veterinary Institute (SVA), 75689 Uppsala, Sweden. appears to be a novel disease in farmed mink in Scandinavia, and its cause has not been identified.
The purposes of this study were to describe the clinical and epidemiological presentations of the disease and its pathology as well as to conduct laboratory diagnostic testing in an attempt to determine the cause of the disease.
Materials and methods

Animals and clinical history
Time. Mink are seasonal breeders, and mink kits in the northern hemisphere are born between late April and mid May. The first cases were initially observed in mink kits in 2 farms during the first week of July 2000 in Denmark. One year later, in 2001, cases were again observed in kits in Denmark during the first week of July and simultaneously in Sweden. In August 2001, cases in 3-mo-old kits were seen in 1 farm in Finland. In Denmark and Sweden, several farms reported new cases until mid August 2001, when the kits were 3 to 4 mo old, adding up to a total of at least 10 affected farms in Denmark and 12 farms in Sweden. More cases occurred in Denmark in 2002.
Distribution. The affected farms were geographically scattered in Sweden and Denmark and not restricted to a specific area or to groups of farms with common feed supplies. In the affected farms, cases appeared sporadically, 1-4 new cases per day in farms with 4,000 to 5,000 kits. Morbidity was low in all the affected farms. Based on infor-mation collected from 13 owners of affected farms (5 in Denmark and 8 in Sweden) through a questionnaire in September 2001, morbidity was estimated to be 0.8% (265/ 35,253) in Denmark and 0.2% (229/13,0671) in Sweden. The estimated case fatality rate was 27% (71/265) in Denmark and 28% (84/296) in Sweden. However, these figures are based on farmers' reports, which may vary in accuracy. Only kits, i.e., mink born in April-May the same year, were affected. Based on information from the questionnaire, all responding farms in Sweden had vaccinated mink kits with a trivalent vaccine (against botulism, Pseudomonas aeruginosa, and mink parvovirus enteritis) in late June-early July. In Denmark, 2 farms had vaccinated against the same diseases as the Swedish farms, whereas 3 farms had not vaccinated any kits. In each farm, most color types were affected and no color type was without cases. No spread of clinical disease seemed to occur to cage siblings or to neighboring cages. Affected kits were found at random anywhere on the farm.
Clinical signs. Affected mink kits showed signs of CNS disturbance, and ''shaking'' was most characteristically observed, varying from slight tremors in the head to intermittent seizures. Other signs included staggering gait, inability to stand still, screaming, salivation, and ataxia. Appetite seemed unaffected, but the kits were unable to eat properly because of the tremors. At terminal stages, the affected mink were paraplegic and hypersensitive to noise. Many of the kits survived if they were given easy access to feed and water, and in some of those mink the neurological signs gradually diminished.
Laboratory methods
Postmortem examination was conducted on a total of 59 affected mink (28 in Sweden, 29 in Denmark, and 2 in Finland) that had died spontaneously on the farms or that had been euthanized. Samples for histopathological investigation included one half of the brain, spinal cord, liver, spleen, kidneys, small and large intestine, stomach, lungs, and heart. The tissues were fixed in 10% neutral buffered formalin. A standard set of coronal brain sections to include caudal and rostral medulla oblongata and mesencephalon, cerebellum, thalamus, and rostral, parietal and occipital regions of cerebral hemispheres was prepared from all animals and various levels of the spinal cord were obtained from 8 mink. The remaining tissues were blocked from selected mink. The tissues were paraffin embedded, sectioned at a thickness of 5 m, and routinely processed and stained with hematoxylin and eosin (HE). Selected sections were also stained with Gram, Giemsa, periodic acid-Schiff (PAS), luxol fast blue, and immunohistochemistry (IHC) for demonstration of glial fibrillary acidic protein. Smears of conjunctiva and mucosa of the urinary bladder were stained with a combination of dyes, the S3 differential stain, 23 and were examined for inclusion bodies indic-ative of canine distemper infection. Serum samples and half of the brain were stored at Ϫ70 C.
Attempts to determine the cause of the disease included immunohistochemical, virological, and bacteriological investigations. The agents tested, the type of analysis, the laboratory in which the tests were conducted, and the number of mink tested is shown in Table 1 . The methods for the following tests are described elsewhere: virus isolation, 8 negative-staining electronmicroscopy and immunoelectronmicroscopy, 19 immunofluorescence on smears for CDV, 18 direct microscopy for CDV, 23 counterimmunoelectrophoresis for Aleutian disease virus, 26 polymerase chain reaction (PCR) for Borna disease virus, 3, 4 IHC for Louping-ill virus, 21 virus isolation for Louping-ill virus, 15 PCR for herpesvirus, 11 PCR for pestivirus, 13 PCR for adenovirus, 1 PCR for coronavirus, 16 and culture for Listeria monocytogenes. 12
Immunohistochemistry
All IHC was performed on formalin-fixed tissues either at the National Veterinary Institute (SVA), Sweden, or at the University of Veterinary Medicine, Vienna, Austria. At SVA, tissue sections (5-6 m) were prepared. After rehydration, the sections were immersed for 20 min in 1.5% hydrogen peroxide to inhibit endogenous peroxidases and were blocked for 20 min with 2% bovine serum albumin. The sections were incubated with optimally diluted in-house-developed monoclonal antibodies for detection of T. gondii and of CDV. In-house-developed rabbit hyperimmune sera were used as primary antibodies for detection of Neospora caninum and Encephalitozoon cuniculi. Subsequent steps were conducted with reagents included in commercial kits. a,b The sections were counterstained with Mayer's hematoxylin and cover slipped. Each immunostain was accompanied by a positive reference control and a negative (primary antibody omitted) control of each section. In Vienna, IHC was conducted according to methods previously described for the detection of Borna disease virus, 29 West Nile virus (WNV), 28 tick-borne encephalitis virus, 30 T. gondii, 27 and N. caninum. 22
Immunofluorescence
Frozen lung tissue sections were analyzed for presence of CDV antigen by indirect immunofluorescence. The sections were blocked with normal mouse serum c in a 1:10 dilution and were thereafter incubated with a combination of 2 monoclonal antibodies produced in mice (Laboratory of Clinical Virology, Huddinge, Sweden). Fluoroscein isothiocyanate-conjugated rabbit anti-mouse IgG c at a dilution of 1:25 was used as secondary antibody. Positive and negative controls consisted of cell preparations from CDV-infected and 
PCR assay for morbillivirus
Detection of morbillivirus nucleic acid in lung tissue was done by a reverse transcription (RT)-PCR assay. Total RNA was extracted using a commercial kit d as recommended by the manufacturer. The amplification of a conserved nucleotide sequence in the morbillivirus phosphoprotein (P) gene region was done by use of a primer pair previously described 2 : P1 (5Ј AGAA-TATCGATGAATCAC 3Ј) and P2 (5Ј CCTATTA-CTTGGAGGGCC 3Ј). Primers were synthesized by a commercial company. e Cycling conditions were 30min RT at 50 C and 2-min initial denaturation at 94 C, followed by 10 cycles of denaturation at 94 C for 30 sec, annealing at 52 C for 30 sec and elongation at 68 C for 1 min and then 25 cycles of denaturation at 94 C for 30 sec, annealing at 55 C for 30 sec and elongation at 68 C for 1 min. Final elongation was performed at 68 C for 7 min. The presence of target products was observed by 1.5% agarose gel electrophoresis (55-min electrophoresis at 60 V, with a marker f ) and subsequent ethidium bromide staining. Preparations of confirmed infected and uninfected mink tissue were included as positive and negative controls. Negative reagent control (water) and PCR control (mastermix) were also included.
PCR assay for Chlamydophila psittaci
A nested PCR that amplified a 445-bp (inner PCR) stretch of the 16S ribosomal RNA gene of C. psittaci was designed. The target sequence was chosen to be as broad as possible, i.e., amplify as wide range of Chlamydia/Chlamydophila species as possible. Total DNA was extracted using a Geno-M48 extraction ro-bot g and the GenoPrep DNA from tissue kit g according to the manufacturers' recommendations. Nested PCR was performed using primers CHL1 (5Ј-GGT GAG GCT GAT GAC TGG GAT GA-3Ј), CHL2 (5Ј-TCG CCG CTA CTC AGG GAA TCT C-3Ј), CHL3 (5Ј-GTA TTC TAT TTC TTT TGC GTT GTT-3Ј), and CHL4 (5Ј-TGT TTC AGT TCA GCA GGT GTC-3Ј) for the first and second PCR, respectively. Cycling conditions were the same for the first and second round of amplification, and a touchdown PCR approach was chosen. Initial denaturation was 94 C for 2 min. The annealing temperature was 60 C (30 sec) for the first cycle and was lowered by 2 C/cycle until it reached 50 C, all followed by an elongation step of 72 C for 45 sec. The amplification was finalized using 30 cycles at an annealing temperature of 50 C for 30 sec and elongation temperature of 72 C for 45 sec. Finally, an elongation step of 72 C for 5 min ended the thermoprofile. Polymerase chain reaction product was observed by 2% agarose gel electrophoresis and compared with a size ladder (100 Base-Pair ladder h ) and a positive control for the confirmation of the correct product size.
Bacteriological culture
General aerobic bacteriological culture of brain, liver, spleen, and lung was done on blood agar base with 5% horse blood and on bromocresol-purple lactose agar. The plates were incubated at 37 C and examined at 24 and 48 hr. The brain samples were also cultured for L. monocytogenes according to a modified International Dairy Federation method. 12
Experimental inoculations
Eight neonatal (1-day-old) mice were inoculated intracerebrally with 10-20 l of a 10% brain homogenate from affected mink, and 6 matched controls were sham-infected with sterile phosphate-buffered saline (PBS). The mice were clinically inspected daily and euthanized 3 weeks postinoculation. Fifteen 1-day-old mink kits from 3 mothers obtained from farms that had no history of shaking mink syndrome were used for an experimental infection. Five of the kits were shaminfected intracerebrally with sterile PBS. Ten kits were divided in 3 groups (3, 3, and 4 kits in each group). Three different pools of 10% brain homogenate, from 2 or 3 separate affected mink in each, were prepared. Each group of kits was inoculated intracerebrally with 0.15 ml of one of the brain homogenate pools. The mink were clinically inspected daily. The experiment was planned to be terminated at 11 wk postinoculation if the mink did not die or develop signs of disease.
Results
Pathology
No gross lesions were observed at postmortem examination. Inflammatory changes were observed histopathologically in the brain of all animals. The severity of the lesions varied among animals. Less severe cases showed axial distribution of lesions, affecting mostly caudal parts of the brainstem: medulla oblongata and pons, as well as cerebellum, with minimal or no lesions in frontal regions of the brain. More severe cases involved also more rostral areas (midbrain and thalamus) and cerebrum. Diffuse and multifocal gliosis occurred randomly and was a consistent feature in the cerebellum, particularly in the molecular layer and at the junction with the Purkinje cell layer (Fig. 1 ). There were degenerative changes and loss of Purkinje cells in association with gliosis or even complete segmental loss of Purkinje cells. In all the affected gray matter of the CNS there was also multifocal gliosis, neuronal degeneration and necrosis, satellitosis, neuronophagia, and perivascular cuffing (Fig. 2) . This cuffing was a prominent feature. The cuffs were composed of lymphocytes and macrophages with occasional neutrophils (Fig 2) . Moderate mononuclear cell infiltrates were present in the leptomeninges and in the choroid plexus of the more severe cases. White matter vacuolation was an inconsistent feature, present with variable severity in some of the kits. No changes were observed in vascular endothelia or in ependymal or choroid plexus epithelial cells. No inclusion bodies were observed. No bacteria, parasites, or fungi were observed in the HE-, PAS-, Giemsa-, and Gram-stained sections. No significant lesions were observed in other organs examined.
Experimental inoculation
None of the experimentally inoculated mice showed signs of disease or histopathological lesions in the brain. In the mink experiment, all the 3 kits in one of the infected groups showed difficulties to steer the movements of the head, developed ataxia, and had difficulties eating. The 3 kits were euthanized at day 45 postinoculation. The remaining kits did not show signs of disease and were euthanized at the end of the experiment. Histopathological examination of the 3 kits with clinical signs showed severe lymphoplasmocytic encephalitis with similar morphology and distribution in the brain as that observed in mink with natural infection. No histological lesions were observed in the brain of the remaining kits.
Laboratory tests
The results of all the investigations listed in Table  1 were negative, except for the serological test for Aleutian disease, which was positive in 4 kits. 
Discussion
The similarity and consistency of the clinical presentation, epidemiology, and histopathology in mink from different farms in Sweden, Finland, and Denmark suggests that the same disease was present. The disease was observed first in 2000 in Denmark and in 2001 in Sweden and Finland, suggesting that the condition is a novel entity in Scandinavia. All features agree with a previous description 25 of a lymphoplasmacytic meningoencephalitis in 4-month-old mink kits in 3 unrelated farms in Oregon, United States, in 1981. Similar cases were observed in 2 other Oregon farms in 1995 and 1999 (J. Gorham, personal communication).
The characteristic pathological changes common to all the mink in our study were those of nonsuppurative encephalomyelitis of the type often observed in viral infections. The multifocal gliosis observed in some cases was also reminiscent of a protozoal encephalitis. All investigations directed toward identifying a viral or protozoan agent, however, gave negative results and the causative agent remains unknown.
An attempt to transmit infection to neonatal mice by intracerebral inoculation failed. The main purpose of the mice inoculation was to attempt to adapt the suspected virus to a laboratory animal that could be easily used for multiplying the virus for characterization studies. All attempts to culture virus in cell cultures have so far failed.
The experimental infection of neonatal mink resulted in clinical disease and development of histological lesions similar to natural infection in 1 of the 3 groups of mink inoculated. These results indicate that the disease is transmissible and can be reproduced in neonatal mink. The remaining 2 groups of experimentally inoculated mink did not show any signs of disease. The 3 groups of kits had received brain homogenate prepared from different naturally infected mink. The reason why 2 of the groups were apparently not infected may be that the material was not infectious. The variation in infectivity of the material of the donor mink may be due to different stages of disease. Inoculation of brain material of affected mink into 8-month-old mink by various routes failed to reproduce the disease in a previous study in the United States, 25 indicating that the causative agent may not be directly transmissible to 8-month-old mink.
Canine distemper virus is probably one of the most frequent causes of encephalitis in farmed mink. 24 In this report, however, no lesions consistent with distemper were observed in organs other than the brain and spinal cord, and all the tests for CDV were negative. Canine distemper has not been diagnosed in Swedish mink since 1968 and in Finland since 1987, and mink in Sweden are not vaccinated against distemper. A higher morbidity and mortality would have been expected if CDV had been introduced into the mink population in Sweden. It was shown that seal distemper virus could be detected in mink on an island where the population of harbor seals had suffered from seal distemper. 5 No cases of distemper in seals were observed during the first 2 years of occurrence of shaking mink syndrome in Scandinavia. It is unlikely that the mink in the present study could have acquired seal distemper virus infection from the feed. The production of mink feed in the Nordic countries is highly specialized, and no material derived from seals was included in the feed.
Outbreaks of meningoencephalitis in mink caused by ND virus coinciding with numerous outbreaks of ND among poultry in Holland in 1970, 1971, and 1972 have been reported. 17 Histopathological changes included perivascular infiltration of mononuclear cells. Sweden has only had 3 outbreaks of ND among poultry since 1995 (1995, 1997, and 2001) and is still considered a nonvaccinating country and free from ND. Pigeon-associated paramyxovirus (PPMV-1) infection has been reported from several European countries, including Sweden, and pigeons are therefore vaccinated against PPMV-1. Because vaccinated pigeons and other wild birds are potential carriers of PMV, our mink material will be tested for ND. Because of the low incidence of ND in the country and the fact that mink farms in different geographical areas were affected by encephalitis it is, however, unlikely that ND is the cause of the mink encephalitis. Serology for ND was done in the mink in the study previously described 25 and was negative.
Outbreaks of Aujeszky's disease in mink cause encephalitis and high mortality. 6 Some of the histological features of naturally infected mink, such as hyaline and fibrinoid degeneration and necrosis of vessel walls, as well as focal necrosis in the nuclei of the medulla oblongata 20 were not found in our mink. In addition, Aujeszky's disease in pigs has been eradicated in all the Scandinavian countries. The present mink were not tested specifically for this infection.
West Nile virus infection was tested on one of the affected mink by PCR (Å . Lundqvist, personal communication) and was negative. The IHC test for WNV in another mink was also negative. West Nile virus infection is not known to occur in Scandinavia, but a larger number of mink would need to be tested to rule out WNV as a possible cause of the encephalitis.
Certain strains of Aleutian disease parvovirus have been reported to cause preferentially nonsuppurative meningoencephalitis, 10 but typical Aleutian disease changes in kidneys, lungs, and liver are seen concomitantly. In our study, encephalomyelitis occurred in mink farms free from Aleutian disease as well as in farms with the infection. Moreover, changes compatible with Aleutian disease were not observed in extraneural tissues in our mink.
Outbreaks of toxoplasmosis in farmed mink cause abortion, neonatal mortality, and encephalitis in kits up to 3-weeks of age. Toxoplasmosis also causes myocarditis and interstitial pneumonia. In the CNS of neonatal mink, encephalomalacia with large areas of rarification, associated with macrophages, neutrophils and Toxoplasma sp tachyzoites are observed. 14 None of these lesions occurred in our mink. However, prolonged survival of experimentally toxoplasma-infected mink causes CNS lesions more similar to our field cases, with no necrotizing changes and scarce tachyzoites in the sections. 7 The clinical signs and epidemiology of toxoplasmosis in the mink in general differ from our cases.
Meningoencephalitis caused by a S. neurona-like organism has been reported in farmed mink kits. 9 Extensive areas of necrosis, inflammation with predominance of neutrophils, multifocal abscessation, vasculitis, and presence of numerous protozoa were some of the changes described. None of these lesions was consistent with the histologic findings in this report. Infection with S. neurona is not known to occur in Scandinavia.
Finally, several possible causative etiologies of encephalitis were investigated in our mink. All tests to identify the cause yielded negative results. The choice of the tests was based on the histopathological findings, known causes of encephalitis in mink and in other species in Europe, and availability of tests. Some of the reasons why the cause could not be identified may have been that: the etiological agent was none of those that was tested, the agent is new and cannot be detected by the methods used, the number of animals tested was too small, or all tests for detection of agents were conducted on mink with clinical signs, at which stage the titer or infectivity of the agent may have diminished. On the other hand, some possible diagnoses could be discounted with certain confidence based on the laboratory investigations, i.e., CDV, toxoplasmosis, listeriosis, and Aleutian disease.
Even though the cause of the disease could not be determined in this study, the collaboration established among a number of scientists and laboratories within Europe was regarded as a valuable result of the investigation. Further collaborative work is presently being conducted on possible etiologies.
